Introduction
Pig oocytes matured and inseminated in vitrv can develop to blastocysts after transfer of fertilized oocytes to the oviduct (Mattioli et al, 1989; Yoshida et al, 1990; Funahashi et al, 1994a) . Only recently have some of the embryos that resulted from in vitro maturation (IVM) and in vitro fertilization (IVF) developed to blastocysts under in vitro conditions (Nagashima et al, 1993; Funahashi et al, 1994b Funahashi et al, , 1996 Rath et al, 1996) .
However the developmental rates are very low when com¬ pared with those of oocytes matured and fertilized in vivo (Beckmann and Day, 1993; Nagashima et al, 1993; Petters and Wells, 1993; Rath et al, 1996; Dobrinsky et al, 1996) . This low developmental ability was thought to be the result of incom¬ plete cytoplasmic maturation of pig oocytes matured in vitro and high polyspermic penetration of oocytes inseminated in vitro (Niwa, 1993) . However, considerable improvement has been made in the IVM and IVF of pig oocytes (Niwa, 1993; Nagai, 1996) . Low male pronuclear (MPN) formation has almost been overcome by the removal of fetal calf serum from the oocyte maturation medium (Naito et al, 1988; Funahashi and Day, 1993a) , supplementation of pig follicular fluid (pFF) *Correspondence.
Received 5 March 1997. (Naito et al, 1988) and cysteine (Yoshida et al, 1993a) to the maturation medium, and the adjustment of hormones (Funahashi and Day, 1993b) during the maturation of oocytes.
However, different media have been used in different laboratories. Tissue culture medium (TCM)-199, a common medium for oocyte maturation, has been used in most of the laboratories (Mattioli et al, 1989; Yoshida et al, 1990; Wang et al, 1991; Funahashi et al, 1994a, b) . Blastocyst development (Mattioli et al, 1989; Yoshida et al, 1990; Nagashima et al, 1993; Funahashi et al, 1994a, b) and birth of piglets (Mattioli et al, 1989) resulting from oocytes matured in TCM-199 have been reported, although the efficiency is low. A modified Whitten's medium (mWM) (Funahashi et al, 1994c ) and a bovine serum albumin (BAS)-free NCSU23 medium (Funahashi et al, 1996) , which were primarily developed for the culture of mouse (Whitten and Biggers, 1968) and pig (Petters and Wells, 1993) (1994b, 1996) compared (Funahashi et al, 1996) , significantly improve oocyte cyto¬ plasmic maturation. However, the blastocyst developmental rate is still low ( < 10%).
Supplementation of maturation medium with cysteine enhances the amount of glutathione in pig oocytes and improves MPN formation after sperm penetration (Yoshida et al, 1993a) . Greater amounts of glutathione improve the developmental ability of preimplantation embryos in cattle (Takahashi et al, 1993; Lim et al, 1996) (Fig. lc) , and 78-84% of the cortical granules were released from oocytes with residual numbers of 7.0 ± 3.1 to 9.8 ± 5.7 cortical granules per 100 pm2 of cortex (Fig. id) , which was not different among the media used. However, at 12 h after IVF, almost all of the sperm heads had been transformed to MPN (Fig. le, g ) and cortical granule density was significantly (P< 0.01 ) lower than at 6 h after IVF in oocytes matured in NCSU23, and 97% of cortical granules were released from the ooplasm (Fig. If, h ). In contrast, the cortical granule density was similar at 6 h and 12 h after IVF for Fig. 1 (42) 42.9±11.0A (46) 46.2 ± 6.5A (44) 9.8 ± 5.6B (32) 7.0 ± 3.3B (24) 9.1 + 5.7B (36) 1.5±1.3aC (32) 42.9±11.0A (46) (Takahashi et al, 1993; Lim et al, 1996) , the mechanism is not clear.
Glutathione is an major intracellular free thiol that regulates cell proliferation, amino acid transport, synthesis of protein and DNA, and reduction of disulfides and other chemicals (Kosowa and Kosowa, 1978; Meister and Anderson, 1983) , and all of these effects may be involved in embryo development.
Cortical granules are important organelles that play a central role in the zona block to polyspermic penetration during fertilization (Yanagimachi, 1994) . Polyspermy is unusually high when pig oocytes are matured and inseminated in vitro (Niwa, 1993; Nagai, 1996) . Delayed cortical granule exocytosis may be the main reason for polyspermy under in vitro conditions (Sathananthan and Trounson, 1982; Cran and Cheng, 1986 BN (1994a) Developmental ability of pig oocytes matured and fertilized in vitro. Theriogenology 41 1425-1433
